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[571 ABSTRACT 

An X-ray source is mounted in an enclosure for anguh 
lating longitudinally about a horizontal axis. An X-ray 
permeable patient suppoiting table is mounted <m the 
top of the enclosure for executing lateral and longitudi- 
nal movements. An X-ray image receiving device such 
as an X-ray image intensifier is mounted above the 
table on a vertically movable arm which is on a longitu- 
dinally movable carriage. Electric control means are 
provided for angulating the X-ray source and image 
intensifier synchronously as the image intensifier sys- 
tem is shifted longitudinally or vertic^y such that the 
central ray from the X-ray source is kept perpendicular 
to the image input plane of the image intensifier. 

23 Clafans, 6 Drawing Figures 
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SUMMARY OF THE INVENTION 



X-RAY CARDIOVASCULAR EXAMINATION . ^ . 

APPARATUS accordance with the invention, an X-ray source is 

mounted on one side of a patient supporting table for 

BACKGROUND OF THE INVENTION 5 bcingm tor driyen angularly and an X^y image mten- 

ThisinventbrnelalestoX^cardiosvascdarexam- f^^f^^^^^^i^T^^ 

ination apparatus which can be used for general pur- shifted iongitudm^y and y^rttCBl^^ ^ 

uwuon dppamuia wiuwu ^ B Y position whcre angulation is desired Motor means are 

pose X-ray examinations also. . . , provided for driving the intenafier angularly, synchro- 

Anestablishedpro^forexarmnmgA^ 10 Sfand coordiLely with the X-^ur^ such 

system of organs such as the heart m vol ves injecting a ^ ^ ^ 

radiopaque dye into the blood vessels and fhioxoscop- perpendicularity at all times with the X-ray 

ing the organ of interest with a suitable X-ray image to .^^^^ ^^^^^ ^ -^^^ intensifies The X-ray 

optical imag^ converting device such as an X-ray image gonjce is preferably within a table structure or enclo- 

intensifier. The dye outlines the heart and the asso- ^ motor b coupled with the source for 

ciated vascular system which can then be observed driving it angularly about a transvefse or laterally ex- 

whfle it is functioning for circulatory obstructions, an- tending axis. The X-ray image intensificr is mounted on 

eurisms and other defects. As is well known, in an ^ vertically movable and horizontally translatable 

intensifier, the X-ray image impinges on a fluorescent means above the table. The intensifier also has a servo 
screen which is the image input plane of the intensifier. 20 motor for driving it angulariy about a laterally extend- 

The fluorescent image is converted into an electron ing axis synchronously with the X-ray soiuce. In a pre- 

nnage and then into a miniaturized bright optical image ferred embodiment, means are also provided for driv- 

which may be viewed with a video camera or recorded ing the X-ray source and patient supporting table up 

with a cine camera or a spot film camera. The fluoro- and down selectively to improve angular viewing even 

scopic image from the intenafier as viewed by the 25 more. j • * 

video camera b dbplayed on a video monitor. One of In accordance with the mvention, coordmation of 

the problems withSb piocedure is that certain impor- an^es and portions of the apparatus 5^«;f«"J"^^^ 

tant blood vesseb ar« often dbposed with their axes made automata by providing meai^ for developmg 

uuii T«»wia w«» /T^u - electric error simals which are functionally related to 

perpendicular to the viewmg pkne. thus makii^ de- ^^tionorStionof the various components of 

fects difficult to observe. In other mstances. Wood the^tus.TliisSal developing means aietypifi^ 

vc^ls m the heart are superimposed or concealed by p^^tiometers Which are connected in a bridge 

other vesseb so it is difficult to distmguish them and to component position or angle 

observe the defects in them. dianges, all the others will change coordinately. Thb 

Angulaiing the image intensifier and X-ray source j^^^^ ^i^^ ^^j^^ X-ray beam ftom the source always 

jointly b one approach to viewing blood vesseb in the perpendicular to the image input plane of the hnage 

heart perpendicular to the viewmg plane rather than mtonsifier. 

axially. Angulation also permits viewing between ves- ^ advantage of the new apparatus b that there b no . 

seb that would otherwise be siq>erimposed or obscured mechanical connection between the image intensifier 

if they were other than parallel to the viewing plane. 40 ^stem on one side of the X-rray table and the X-ray 

Some prior apparatus for performing the specialized source on the other side of the table. In a practical 

vascular procedures have an X-ray source arranged on sense, thb means that there b no link arm between the 

one ade of the patient and an image intensifier system image receding intensifier and the X-ray source which 

on the other side with the source and system on a com- would interfere with the examiner working on the pa- 

mon mountmg which causes Ae central X-ray beam to 45 tient supported on the table. The absence of interfering 

remain directed at the image plane for various angles at objects b important when emergency procedures m- 

which viewing of the heart or blood vesseb b desired. volving several asastants must be resorted to dunng an 

In some prior apparatus, the patient b supported for examination. . 

Umited l^gthwi^ turning and tongitudinal angulation An object of the invention is to provide an elected 

relative to the X-ray bea^ to proWde for vie^ the 50 a>ntrol system which coordmates 

heart at various angles. In Xr designs, the X-ray X-ray source and an X-ray unagei^ivingme^ 

so^ c^^l^^Sl ToiSJdinany'^hile the pa' ^ ^.^^ij^^Sm^^^^ fluoroscopic or miage 

tientbsupportedrrlimited'U^ '^"Sfr'S^tTtot^^ 

rotoUon at all. au . ^ ^ 55 nately fiinctioning motor drives for angulating the 

Typically, m X-ray apparatus used heretofore for the ^^^^ ^^^^ receivmg means, 

purposes mdicated, the X-ray source and imaging de- ^ specific object b to provide a simple but 

vices are supported on the ends of a U-shapcd or a effective angulation control system for X-ray cardio- 

C-shaped arm which can approach the patient endwise vascular examination apparatus, 

or laterally. Angulation is achieved by rotating the ^ How the foregoing and other more specific objects of 

C-arm about a laterally extending axb or the U-arm fj^^ invention are achieved will appear in the course of 

about a longitudinal axb and angulating the source and the ensuing more detaOed description of a preferred 

mtensifier longitudmally. The problem with either of embodiment of the invention which will now be set 

these designs b that the patient b supported on a table forth in reference to the drawing, 

and the source and mtensifier are in free spac^ A 65 DESCRlFnON OF TOE DRAWING 

major disadvantage of this open construction is that i-ri^w*x** w w 

shielding the operator firom stray and secondary X- FIG. 1 showsafront elevation view of an X-ray appa- 

radiation b difficult, if not impossible. ratus in which the new motor angulated X-ray source 
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and x-ray imagpintcnsificr and the new control 8 . in the art that these components are usually present in 

theitsfor may be employed; X-ray image intensifier r fluoroscopic systems for 

nC. 2 is a more schematic view of the type of appa- vascular examinations. For the sake of iUustratira, one 

ratus shown in FIG. i except that in thiS: Figure the may consider that the input plane f the mtensrfier n 

mechanical components are sh wn schematically to 5 wdiich the X-rs^ nnage mipinges is at the level fa lme 

better illustrate the relationship with associated analog 33 which is coincident with the plane. The central ray 

voltage developing potentiometeis which are used in finom X-ray source 21 b suggested by the dash-dot hnc 

thelllustrativc control system; 34. EfFectWe use of the apparatus requires that «^ 

no. 3 is a circuit diagram of the control system; X-ray 34 remain perpendicular to unage plane 33 at all 

FIG. 4 is a diagram which fa useful in explaining 10 times. The improvements to be discussed m detaU here-, 

resuhs obtainable with the control system; inafter facilitate maintaining perpendicularity b^een 

FIG. 5 is a circuit diagram of an alternative embodi- the central ray 34 of the X-ray beam and image plane 

ment.of the invention; and 33. , ^ j- « ^ 

FIG. 6 is - a circuit diagram of another alternative Image; intensifier assembly 30 is on longituamally ana 

embodiment of . the invention. 15 verticdly movable mounting means. Thus, the mtensi- 

fier assembly is mounted on an arm 35 for pivoting 

DESCRIPTION OF THE PREFERRED about a laterally directed axis 36 through fimited oppo- 

EMBODIMENT longitudinal angles. Typically, mtensifier 30 can be 

The apparatus in FIG, 1 comprises an X-ray table angulated longitudinally 35**.caudany and 15*cranially. 

assembly which is generally designated by the refer- 20 The caudal and cranial terms are based upon the as- 

ence numeral 10. The taUe has a flat base 11 with sumption that the patient's head will be at the end of 

upstanding ends 12 and 13. A cradle fai which the pa- the table that has shaft 15 and the feet wiU be at the end 

tient is supported during an examination is marked 14. that has shaft 16. 

The cradle b mounted on power driven shafts 15 and Image intensifier assembly 30 is subject to bemg 
16 so that the cradle and patient thereon may be ro- 25 angulated on arm 35 about lateral axis 36 under the 
tated throu^ a substantial an^e in eitiier direction influence of a servo motor, not visible m FIG. 1, which 
aboutalongitudnialaxis.TablebasellisMipportedon .motor is within a housing 37. 
an enclosed structure 17 which has the necessary inter- Arm 35 is attached to one of a group of veiticaUy 
nal clearances for permitting an X-ray beam to be pro- extensible and contractible telescoping members 38 
jected upwardly through a patient on cradle 14. Within 30 which arc counterpoised in any of several known ways 
enclosure 17 are suitable components, not visible, for and are movable within themselves and in respect to a 
enabling table base 1 1 to be shifted laterally, that is, m vertically immovable base 39. TTie base is suspended 
either direction perpendiculartotheplaneofthedraw- from a carriage 40 whichhas wheels such as 41 that 
mg. There are also components, not shown, for permit- permit the carriage to translate Iongitu<ynaUy and par- 
ting the table base 1 1 to be shifted in opposite longitu- 35 allel with tfie X-ray table 11 on a rail system 42. mis, 
dinal directions, that is, in parallelBm with the plane of it wiU be evident tfiat unage intensifier assembly 30 is 
the drawmg. The mechanism for shifting die table Ion- vertically movable on telescophig members 38 and that 
ffitudinally and laterally is known and need not be de- it is subject to longitudii^ transladon on carnage 40 
. and subject to angulation about axis 3d. Due to the new 

Enclosure^ 17 is supported on housing 20, which ex- 40 automatic control system which will be described in 
cept for a part of its top, is X-ray impermeable. Within detail hereafter, when carriage 40 is shifted Ipngitudi- 
housing 20 is an X-ray tube casing 21 in which there is nally, the X-ray image mtensifier assembly 30 is angu- 
a conventional X-ray tube, or source as it is referred to lated and tfie X-ray tube casmg 21 is angulated syn- 
herein. not visible. Casing 21 is mounted for being dironously so that the central X-ray 34 of the X-ray 
angulated about a horizontal laterally extending axis 22 45 beam will maintain perpendicularity widi die unage 
that is preferably substantially coincident with the focal plane 33 of the intensifier; This means tiiat the image 
spot on tiie X-ray tube target X-ray tube casing 21 is plane can be maintained in paralletism witii the plane 
supported for angulating on a stand 23 which has a base of interest in the patient's anatomy. Caudal translation 
24. The stand and base are schematically represented. and angulation of the rniage intenafier is suggested by 
The base is movable vertically witii respect to schemat- 50 tiie phantom view of the image intensifier which is 
icaUy represented stationary members 25. In one em- marked 30'. It will be understood that, m respect to 
bodhnent of the mvcntion, as wfll be discussed later, HG. 1, when Uie image mtensifier 30 is shifted longitu- 
the X-ray lube casing 21 and the table assembly 10 are dinally and automatically angulated, die X-ray source 
adapted for bemg elevated and lowered jointiy. X-ray 21 wiD angulate synchronously and tiie central beam 
tube casing 21 is subject to ktngitudinal angulation 55 34' wfll remain perpendicular to the image plane, 
about lateral axis 22 by operation of a reversible servo The improvements which enable synchronous and 
motor 26. The mechanical drive between motor 26 and . coordinated control of the Xrray image intensifier 30 
casing 21 is symbolized by die dashed line 27. and X-ray tube casmg 21 wiU now be described m 

Located above table assembly 10 is an unage receiv- detail in reference to FIGS. 2^4. hi FIG. 2, several 
ing means such as the X-ray image intensifier assembly 60 position sensors consisting of resistance potentiometers 
which is indicated generally by die reference number are mounted to sense longitudinal position of carriage 
30. hitensifier assembly 30 comprises a lower houang 40, intensifier height 39, intensifier angle and X-ray 
portion 31 in which tiierc is a conventional X-ray image tube casing 21 angle. There are also potentiometers for 
intensifier tube, not visible. The upper part of assembly sensing longitudinal position of tiie X-ray table assem- 
30 has another housing portion 32 in which a video 65 biy 10 and the height of the table, 
camera, not visible, is located. AWhough spot fihn and hi FIG. 2, longitudinal position of carriage 40 is 
cine cameras are not iUustrated as being mounted on sensed by a schematically represented potentiometer 
upper housing 32, h wifl be understood by tiiose skiMed 45. Potentiometer 45 produces an analog voltage signal 
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which corresponds with or is a function of distance nally to take a view perpendicular to the plane in the 
(XI) through which carriage 40 and, hence, image patient's anatomy that is not perpendicular when the 
intensifier 30 is moved in the X direction. Another intensifier is vertical. T achieve this result, the intcnsi- 
potentiometer 46 produces a signal which is a function fier must be shifted and angulated so the central X-ray 
ftheheightof the laterally directed angulation axis 36 5 34 will be perpendicular to the new angular plane in tte 
and hence the height ( Yl) of btensifier 30. A potenti- anatomy and to the input image plane 33 of the mteiisi- 
ometer 47, mounted on iniage intensifier 30 produces a fier. 

signal which is a function of the intensifier angle, or In reference to FIG. 4, if the rotational axis 36 of the 
tan 0 the tangent ftmction thereof. X-ray tube casing 21 mtensifier has been shifted through the distance XI the 
has a potentiometer 48 which produces a sgnal wMch 10 central X-ray 34 will then describe the angle $S in 
is a function of the angle (^) or its tan d, of the X-ray respect to the rotational axis 22 of the X-ray tube. The 
tube casing 21. A potentiometer 49 produces a voltage center point 74 of ima^ input plane 33 of the intensi- 
thai is. a function of the taUe longitudinal position fier wfll shift to the positions shown and it will be neces- 
(XT): Two potentiometers 50 and 57 produce a volt- sary to inclme plane 33 such that the angle ^ is ob- 
age or voltages which are a function of the height (Y2) 15 tained. 61^ the angle of the intensifier, will then equal 
ofXnnay table 10 in conjunction with X*ray tube casing aS, the ang^e of the source. 

21. The table Hei^t is sometimes adjusted to fisicilitate In FKj. 3, the error signal produced by shiftmg the 
trsmsferring a patient from a hospital cart or stretcher. intensifier through a distance XI changes the signal 
It is also adjusted to provide a convenient work height level to one input 76 of comparator' servo amplifier 
for the examiner. 20 means 73 because the slide arm^ on potentiometer 

In FIG. 2t the X-ray table 10 is shown mounted on a moves in correspondence with lon^dinal movements 
schematically represented frame 58 which is on statbn* of the mtensifier. This signal unbalance causes motor 
ary members 25. In the actual embodiment the frame 66 or MS to be driven such as to angulate the X-ray 
would be in an X-ray shielding enclosure as in FIG. 1. tube casing or source 21 through the angle 5S. Motor 
X-ray tube casing 21 and the stand 23 on which it 25 MS win simultaneously drive the arm having a potential 
angulates are mounted on a base, symbolized by a plat- conesponding with tan &S on potentiometer 48, thus 
form 59 that is festened to frame 58. A motor 60, also changing its output potential. This new potential is 
marlced MST for indicating that it moves the source a^^lied to input 77 of comparator servo amplifier 
and table, has laterally extending shafts such as 61 means 72 v/bkh causes motor MI to drive the intensi- 
which drive one or more lead screws 62. The lead 30 fier 30 through the angle ffi. At the same time, motor 
screws are threaded into plate 59 m this symbolic rep- MI drives the arm having a potential corresponding 
resentation so that their rotation in <Mie direction will with tan on potentiometer 47. When 01 is attained, 
raise table 10 and in the other direction will lower taWe the input to amplifier 72 is nulled and motor Ml stops 
10. This function permits contiollmg the distance be- and the intensifier stops turning. Now angles 0S and 61 
tween the focal spot of the X-ray tube and the input 35 and their tangents are equal. Central X-ray beam 34 
image plane of the intensifier. will be perpendicular to image plane 33 of the intensi- 

First motor means comprising a servo motor for driv- fier. 
ing X-iay tube casing 21 angularly is marked 66 and Note that the resistance of potentiometer 48 is con- 
MS to hnply that it turns the source on its axis. Second nected dizectly across regulated voltage source 70. The 
motor means,. comprising a servo motor for driving 40 potential <m the arm or sliding contact of potentiome- 
image intensifier 30 angularly is marked 65 and MI in ter 48 corresponds with tan 0S, where 6S is the angle of 
FIG. 2. The third motor means comprising the servo the X-ray source. When the arm is at the lowermost 
motor for translating the X-ray table longitudinally is end of the resistance^ the tan 0S potential is zero. Zero 
marked 68 and MT. The fourth motor means compris- condition exists when the X-ray source and intensifier 
ing the motor for adjusting the elevation of the X-ray 45 rotational axes are vertically aligned and if the intena- 
source and table jointly b marked 60 and- MST. fier is not shifted yet, its potential would also be 2ero 

The various potentiometers and motors shown in and the potentiometer arm XI which is connected to 
RG. 2 are connected in a bri4ge circuit which is shown amplifier niput 76 and has the signal which is a function 
in FIG. 3. Besides the interconnecting wires shown m of would be at the lowermost end of the resistance of 
this Figure, the only elements which have not as yet 50 potentiometer 45. 

been mentioned are a dc power source 70 and servo * The arm of potentiometer 46 has a potential on it 
amplifier 71, 72 and 73. These are conventional null which is a function of the height (YI) of die intensifier 
comparator amplifiers. When there is a difference or axis 36 relative to the X-ray soiirce axis of angulaticm 
error signal between their inputs, they drive their asso^ 22. This potential is multiplied by the potential on the 
dated motors 68, 65 and 66, respectively, until the 55 arm of potentiometer 48 wluch is corresponds with tan 
error signal is nuDified. dS since the potential on the arm of potentiometer 48 is 

The structure and function of the FIG. 3 circuit will applied to the top of the resistance of potentiometer 
now be described concurrentiy. Assume that the image 46. By way of example, if the source 70 voltage were 
intensifier 30 is positioned initially with its axis of angu- one volt and the arm or sliding contact were at the top 
lation 36 vertically above the X-ray source axis of an- 60 of potentiometer resistance 48, one volt would appear 
gulation 22 and that the intensifier is then shifed by the on the arm as representing a particular angle 6 or its 
operator or examiner longitudinally from its solid line tangent If, at the same time, the arm of potentiometer 
position in FIG. 1 through the distance XI in FIG. 4 at 46 which is connected to amplifier input 75 were at its 
which the intensifier will be angulated to obtain the midpoint of the resistance, ^ volt would appear on this 
desired view. In the initial centered position, of course, 65 arm. Now if 0 and, hence, tan 0S changed so that the 
the centra] ray 34 from the X-ray tube is vertical and arm of potentiometer 48 were at the midpoint of poten- 
perpendicular to the image input plane 33 of intensifier tiometer 48, ^ volt would appear on the arm and ^ x 
30. The intensifier would usually be shifted longitudi- Woryk volt would appear on the arm of potentiometer 



11/06/2003, EAST Version: 1.4.1 



4,024,403 . 
7 » 
46, that i8i if Yl or the height of . the intensifier re- and centered thereon. N w assume further that the 
mamed the same. Thus, the potential on . the arm of plane f interest in the patient's anatomy still cann t he 
potentiometer 46 Is always equal to the product of tfe viewed fluoroscopically to the operator*s satisfiacti n. 
dsiial corrcspondmg with the height YI and the signal Under such circumstmices 1 wering or raising unage 
corresponding with Un a Balance of die two input .5 intensifier 30 may be required. If the mtensifier 30 is 
signals is thus obt^ned when, expressed mathcmati- lowered; for exiample, it will angulate coimterclockwise 
caUy, XI «YI tan 6S. thus, when the potential which is as.viewcd in FIG. 2 and the souix* 21 wiU also anguJate 
afunctionof the kmgitudmal position (XI) of the in]ten- similarly to maintain* X-ray beam perpendiculantj^ 
sifier. is changed by moving the intensifier, die new . descfibed heretofore. When the intensifier is lowered, 
potential is applied to one input 76 of comparator servo 10 usually manually, meanmg that YI has changed an 
control 73. This causes motor MS or 66 to drive the error signal b produced on the aim of potentiometer 
arm on which the potential representing tan 6S is devd- 46, This signal b applied to input 75 of servpair^Mer 
op«l and drive continues until the potential corre- 73, thus causing motor 66 or MS to opero-TTiisrav?^ 
sponding with YI tan «S is developed on die aim of Ac X-ray source 21 through a new anfi^. «S and^ 
potentiometer 46. Then nuD is reached and the X-ray 15 intensifier assumes a corrected angle ffl as docnbed 
source 21 is angidatcd properly. alx>ve. Motor MS stops when the error signal due to a 

If the intensifier height ( YI) function potential b change in YI b nulled. When motor MS is ruimmg axwi 
dianged simultaneously or sequentially with a change changing the X-ray. source angle aS, a agnal is (^yel- 
. in the longitoidinal position, of the intenafier, the po- oped on the arm of potentiometer 48 y^ch results^ a 
tential on the arm on potentiometer 46 connected to 20-change m the signal corresponding with tan This 
amplifier input 75 will change. Thb potential change signal fa applied to input 79 of servo amplifier 71 and 
on input 75 of comparator servo control 73 causes causes longitudinal table shifting motor MT to operate 
motor 66 or MS to again change the potential on the and shift the patient longitudinally over the dbtance 
aim ofpotentiometer:48 representing tan OS until null XT. 

breached. 25 To summari^ the functional description thus far 

It should be noted that whenever the potential on the given, tf the operator shifts carriage 40 and die intena- 
arm of potentiometer 48 cone^nding with tan:6S ficr 30 supported thereon longitudinally along the 
changes, due to anpilatmg the X-ray source or to rais- X-ray table, XI b caused to change, producing an error 
ing or lowering die intensif»r, the potential to input 77 signal ^ich operates the X-ray tube angulation raotor 
of die intensifier comparator servo control 72 WiU 30 MS, angulating.the tube to follow die mtensifier. This 
dunge. Thb results In the intensifier angulating motor in turn changes tan 6S, rebalancing diat portion of the 
65 or MI running until the potential representing tan as bridge. However, an error signal b now produced m 
b nulled by die potential representing tan 01 in which another portion, causing intensifier angulation nwtor 
case the artgulationsoftiie X-ray source and intensifier MI to operate and cham^ the signal corrcspondmg 
become equal. . .35 with tan W until tiiat error signal vanbhes,tiiusalignmg 

it may be desirable to move die X-ray table top auto- die intensifier and die X-ray tube. If die intensifier is 
maticaDy to keep tiie same region of die anatomy m die moved verticaDy, the signal for YI chang^ causmg the 
center of die X-ray beam during Uie angulation as be- X-ray tube angulation motortodrive die X-ray tube to 
fore angulation of die intensifier. In RG- A assume diat . ft>Ilowii« die intensifier aiid r^wlance dat portion of 
a point in die region of interest was mitially somewhere :40 die bridge. . As described above, tins unbalances the 
around die pointmariced 81m no. 4. When die inten- odier portion causing the mtensifier to rota^ to the 
sifier shifted dirough die dbtance XI. it would be nec- . same angle as the X-ray tube, to die described embodn 
essary to shift die point 81 in die anatomy through the ment wherein die table top shifts autom^c^y to keep 
distance XT m RG. 4 so diat die X-ray beam 34 would die desired portion of die anatomy m die Xjray beam 
pass duough die shifted position of die point 81 ' in 45. during angulation, motor 68 or NTT is operated concur- 
TO 4. Referring to na 3 again, it wiU be noted diat rendy wiUi die intensifier and *ray soun^anpil^ 
when X-ray source angulating motor 66 or MS was In odier words, whenever die tube angle d ch^es, a 
being driven, die potential representing tan OS on die diird error signal drives die table motor NTT or 68 untu 
arm of potentiometer 48 was also apptied to. an input the error, vanishes. u^^* 
79bfservoamplifier71as wcUastoinput77ofanipli- 50 Anodier feature aUuded to above, is die hei^t ad- 
fier 72 as dbcussed above. Thb results in table top justment of the X-ray tube casmg 21 and the t^le top 
motor MT driving die table top to locate 81' in die 10 whidi mibt move verticaDy togedier. The taWe and 
X-ray beam. Motor MT drives until die arm on potenti- source are raised and lowered jomdy with-motor W 
ometer 49 which has die potential corresponding widi which b also inarked MST. TTie motor may be opCTated 
XTon itandbconnccted to input 80 reaches null. At 55 widi manually resiwnstve control drcui 
nulCthe potential representing tan aS b proportional to In reference to FIG. 3, when motor MST 60 is opcr- 
die potential Iwresenting XT, which satisfies die ger ated. to change die table and source height, it drives 
omctty of Fia 4. Now point 81 Jias been moved pro- die arms mariced Y2 of potaitiometers or voltage di- 
portionately to die change in tan 6S diat Was initiated viders 50 and 57 such as to effecUvely produce an error 
bv die operator shifting die image intensifier lohgitudi. 60 signal corresponding with YI relative to die hci^t of 
naDy Ofcouise, die.system fimctions in substantiaUy die.intensifier. The error signal is applied to mput 75 of 
die same way if die intensifier 30 b moved to die right amplifier 73 which causes X-ray source angulatmg 
or left as diose skilled m die art wfll realize. mot«w MS. to operate and produce the coordmate oper- 

To continue die fimctional example; assume now diat ation of die intensifier angulatang motor ^1 ^ 
die image intensifier has been shifted longitudihaUy as 65 X-ray source and intensifier diange their anglw ^and 
describal above and it has angulated automatically respectively, synchron usly. hi FIG. 4, jhe bei^of 
widi die X-ray source 21 so diat die central X-ray beam die intehsificr relative to a ground plane 95 is mariced 
34 b perpendioUar to intensifier's il^)ut image plane 33 Yl. Tlie amount by which die X-ray tube focal spot or 
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rotational axis is raised r lowered is marked Y2. The receiving means angulating motor 65 (MI). Potentioin- 

actual height of the intcnsifier relative to focal spot axis eter 47 is converted to a linear potentioraeter which 

22 b represented by YL It will be seen that YI is equal will now produce a signal proportional to the angle, 61, 

to Y1-Y2. The height of a plane or point which it is of the image intensifier (mstead of a signal proportiona] 

desired to maintain at a constant distance from focal 5 to the tan of ^ , as in the FIG. 3 circuit), 

spot 22 is marked K. TTie correct amount of 1 ngitudi- Having potenti meter 90 in the circuit, the image 

nal table shift is marked XT. XT b always equal to K mtensifier angulation indicating device, potentiometer 

tan $S hence, the correction in XT required by chang- 47, may now be a linear device for producing a signal 

ing the elevation of focal spot 22 by the distance Y2 b proportional to 01 (instead of tan ^ as in FIG. 3). Since 

reflected in Yl, the vertical distance between the center lO non-linear potentiometer 48 fior producing a signal 

point 74 of the image plane and the focal spot 22. proportional to tan ^ and linear potentiometer 90 for 

Accordingly, dimension YI changes v/ti&n the distance producing a signal proportiona] to 0S have their arms 

Y2 b developed and, as can be seen in FIG; 3, source driven jointly when motor 66 or NfS angulates X-r^ 

angylating motor MS responds to the error signal so source 21» tan $S and 6S change simultaneously. Thb b 

generated by angulating die X-ray source through the IS suggested in FIG. 5 by the dashed line 92. 

proper angle 0S. The intensifier 30 angulates concur- When the image intensifier 30 b shifted longitudi- 

lently to the dcnredang^ for beam perpendicularity as nally over the distance XI in rderence to the FIG. 5 

described above. circuit, the signal from potentiometer. 45 will unbal- 

in mathematical terms, the followmg equations are ance the inputs to servo amplifier 73, thus causing 

solved in the bridgp circuit of FIGS. 3, 5 and 6: 61=^; 20 X-ray source angulating motor 66. to drive. Thb 

tan W = taneS;XI = YItanaS;XT = Ktan^;and,YI changes the signal from potentiometer 48 which b 

=s Y1-Y2 where the terms of the equations are the proportional to tan ^ as in the FKJ. 3 circuit But 

electric signal counterparts of dbtance and angles. ang^ation of the source 21 also dianges the signal on 

The intensifier 30 angulation cannot change inadver- linear potentiometer arm 91 which signal b propor- 

tentiy nor can it be changed manually. Any attempt to 25 tional to 6S and b supplied to one input 77 of servo 

angulate it by hand would tend to change the potential amplifier 72 which contiob the image intensifier angu- 

representing tan 01 on input 78 of comparator servo lating motor 65 or MI. The unbalance signal from arm 

control 72 but the establbhed tan 6S potential on the 91 causes motor 65 to angulate the image Intensifier 30 

input 77 would permit an error signal to remain and the and also to change the signal from linear device 47 

motor 65 or MI would drive the intensifier back to its 30 yAach appears on input 78 of servo amplifier 72, When 

original position. the signal from potentiometer 47, corresponding with 

Those skilled in the art will appreciate that some 01, balancjcs the signal fix)m potentiometer 90, corre- 
users might conadcr it desirable to automate other sponding with flS, the CS equab « and the X-ray source 
motions, such as the motion of the intensifier carrying 21 and image intaosifier 30 are simUarly angulated. 
carriage 40. If thb b done, the basic bridge circuit of 35 Those skilled in the art will appreciate that the con- 
FIG. 3 will remain the same, the only changes being in trol system herein described for an X-ray cardiovascu- 
the ooimections of the error amplifiers and coupling of lar examination table can be made with less sophbti- 
the sensors to the drives. In any case, the bridge must cated and with the eliminati<Mi of some features, de- 
compare the product of the height sensors and the pending on the needs and desires of the user. For exam- 
tangent of the angle with the carriage position sensor, 40 pie, the height adjustment of the table and source could 
and the resulting motions, whether automated or man- be eliminated with sacrifice of operator*s comfort This 
ual, required to obtam a null also result in generation of could eliminate use of motor MST 60 and voltage di- 
the product The bridge circuit may also be arranged videis or potentiometers 50 and 57. In the most nidi- 
whh tan 61 mteichanged.with tan 0S, but the arrange^ mentaiy modds all motions may be subject to manual 
ment shown and described above b preferred since an 4S contrdinplaceof usmg motors in which case tte error 
analysb of tracking error during angulation reveals that signals may be detected on meters instead of with null 
the arrangement Aown produces a lesser error. amplifiers. The operator may tfien position the parts 

An alternative circuit, which accomplishes essen- manually until the meters indicate no error signal, 

tially the same objectives as the FIG. 3 circuit, b shown FIG. 6 b a circuit diagram for another alternative 

in FIG. 5. In the previously described FIG. 3 circuit 50 embodiment of the invention wherem parts which are 

potentiometer 48 was used to produce a signal corre- similar to those used in previously described embodi- 

spondmg with tan 0S and potottiometer 47 was used to ments are given the same reference numerals, 

produce a signal corresponding with tan 01. Any non- In thb embodiment the motors are eliminated which 

linear potentiometer such as one which produces a are tised to translate the X-ray table top 10 long^di- 

vohage proportional to a trigonometric function b 55 nally and to angulate the image intensifier 30. Elimina- 

much more expensive than a Kncar device. The FIG. 5 tion of these motor drives assures ttot a p^ent on the 

circuit reduces the number of non-linear devices which table top cannot be driven into collision with a part of 

are required. the apparatus such as the image mtensifier and that the 

In FIG. 5, a linear potentiometer 90 has been inserted intensifier will not be struck by an mtensifier which b 

for producing a signal proportional to ^(instead of tan 60 angulated under power. In thb case, however, the 

flS). Potentiometer 90 b mounted on the X-ray source image intensifier 30 b rabed and lowered, angulated 

21 and, although it b not shown in FIG. 2, it may be and shifted longitudinaUy by manual force but the 

mounted in that figure to produce a signal proportional X-ray source 21 b angulated with a motor 66. The 

to 05 similar to the manner in wiiich potentiometer 48 angular error s detected on a null meter 94 and the 

b mounted for producing a signal proportional to tan 65 intensifier b adjusted angularly until the error with the 

dS as the X-ray source 21 angulates. Potentiometer 90 angle of the X-ray source b zero, 

has an arm 91 which b electrically connected to one The FIG. 6 system b based n the assumption that 

input 77 of servo amplifier 72 which controb the image the operatmg radiologist knows the angle which inten- 
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sifier 30 di uld make to affoxd the view of the patient's 
anatomy which is desired. So the radiologist shifts- the 
intensifier 30 longitudinally to the desired position over 
the. patient and later, an^ilates the intensifier .as re- 
quired . , 5 

In FIO; 6 the X-ray source anguladng motor 66 b 
controlled by servo amplifier 73 .\^bich has mputs 75 
and 76. The signal on input 76 is obtained from the arm 
of potentiometer. 45. This signal is proportional to XI, 
the longitudinal distance of the intensifier rotational 10 
axis -firom being vertically over the axis of the X-ray 
source..A signal on input.75 is obtained from the arm of 
potentiometer 46. This signal is proportional to YI, the 
height of the image intensifier axis or to Yl tan d if the 
intensifier is angulated and raised or lowered from its 15 
normal position. As iii the previously described em- 
bodiments, non-linear potentiometer 48 changes its 
signal corre^nding whh tan ^ 2^ the X-ray source 
angulating motor runs. Thus, if the signal, oorrcsponjd- 
ing with XI on linear potentiometer 45 changes due to 20 
longitudinal shifting of the intenafier and whether the 
signal on the arm of potentiometer 46 corresponding 
whh yi, the height of the intensifier, changes, or not, 
the source angulating motor .66 will nm until the two 
input signals. to servo amplifier 73. are nulled. This 25 
occurs when hianual shifting of &e mtensifier has been 
stopped. At this time, the intensifier 30 may not yet be 
manually angulated .1^ the radiologist but the X-ray 
source is ap^ffoxunately correcdy angulated. 

The FIG. 6 drcuit also, has a linear potentiometer 90 30 
whose arm 91 is driven when the X-ray source angur 
lates as described abpve^ Concurrent driving of potenti- 
ometer 90 and potentiometer 48 is indicated by the 
dashed line 92. The signal on arm 91 of potentiometer 
90 is proportional to the ai^e, 6S. of the X-ray source. 35 
This s^al constitutes one input 77 to aservb amplifier . 
93 which drives meter 94. Also connected to an mput 
78 of amplifier 93 is the arm of potentiometer 47. The 
signal on this arm is proportional to the an^e, of the . 
iihagc intensifier since potentiometer 47 is driven by 40 
turning the intensifier manuaUy. 

Thus, when the image intensffier 30 is shifted longitu- 
dinally the distance XI and the X-ray source angulates, 
an error signal corresponding to 6S is applied to an^H- 
fier 93 and the error is manifested on meter 94 which 45 
no longer reads zero but reads phis or minus zero on its 
angularly calibrated scale. Now the radiologist angu- 
lates the intensifier and changes the signal on the arm 
of Imear potentiometer 47 which signal is proportional 
to the an^e of the intensifier. This signal is another 50 
input to meter amplifier 93. Hence, when the mtensi- 
fier angle, 0h is manually induced to equal the source 
-angle, eS, their corresponding signals will be nulled and 
meter 94 will be zero again. Now the X-ray source 21 
and intensifier 30 are at the same angle and aligned. 55 

Raising or lowering the intensifier will change the 
signal fiom potentiometer 46 to unbalance the inputs 
to amplifier 73 and source angulating motor 66 will run 
untfl a new null point :is reached. -The new angle of the 
X-ray source results in a meter 94 error which calls for 60 
angulating the intensifier manually until the error dis- 
appears smd 6S and become equal again. 

Those skilled in the art wiU recognize Ihat^the. table* 
top translation motor 68 or MT may be eliminated and 
that the top may be moved manually and its portion 65 
could be indicated with a meter, not shown, hi such 
case, if the intensifier is angulated the meter will indi- 
cate an error and the table top may be shifted so the 



X-ray beam will be aimed generally, through the same 
porti n of the patient's anatomy. 

Alth ughinthe.abov described embodiment poten- 
tiometers were used to develop angulation and position 
error Mgnals, those skilled in th art will appreciate that 
other more complex means may be used when econom- 
ically feasible, such as digital logic circuitry or other 
analog circuits. The potentiometer bridge circuit 
herein described, however, is simple, flexible aid reli- 
able and affords an opportunity for illustrating the 
basic concepts of the invention. Accordingly, although 
a preferred embodiment has been described in detail 
such iS: intended to be ilhistrated rather than limitmg, 
for the mvention may be variously embodied and is to 
be lunited only by mterpietaticm of the daims whidi 
follow. 

We clahn: 

1. X-ray .exammation apparatus comprising: 
X-ray source means and mounting means for mount- 
ing said source -means for angulating about a first 
laterally directed axis, 
first motor means coupled with said source means 
and operative to effect angulation of said source 
means ui ejther angylar directbn about said first 
axis, 

another mounting means constructed and arranged 
for performing longitudinal and vertical move- 
ments, 

X^y image reodving means mounted on said an- 
other mounting means for angjulating about a sec- 
ond laterally directed axis, said image receiving . 
means being spaced from said X-ray source means 
and having an image input plane to wtuch it desired 
to maintain the X-ray beam from said source 
means in substantial perpendicularity of all angula- 
tions of said source and image receiving means, 

taUe. means for supportii^ an examination subject 
be^en said X-ray source means and said X-ray 
image receiving means, 

second motor means coupled with said image receiv- 
ing means and operative to effect angulation of said 
receiving means , m either angular dhrection about 
said second axis, 

means for pnx&icing a signal corresponding with the 
longitudinal distance (XI) of said nnage receiving 
means second axis firom the poddon of said axis 
when it is on a vertical Ihie whh said X-ray source 
means first axb, 

means for producing a signal corresponding with the 
height (YI) of said second axis relative to said first 
axis, 

means for producing a signal corresponding with the 
tangent of the angle (OS) between said vertical Ime 
and the position to v^^iich said second axis of said 
image receiving means is moved, longitudinally, 

means for multiplying said signals corresponding with 
(YI) and with (tan BS) to produce a dgnal corre- 
spondnig with (YI) (ten flS). 

means for comparing said signals corresponding with 
(XI) and with (YI) (tan 6S) and for controlling 
operation of said first motor means in response to a 
difference between said signals, 
' means responsive to existence of said difference by 
alteri ng said (tan signal until said signals corre- 
sponding with (XI) and (YI tan OS) are equal, 

means for producing a agnal corresponding witfi 
which.is a function of the tangent of (61), where SI 
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is the angle o( said image receiving means relative 
- to a vertical line that is parallel to said vertical line, 
means for comparing said signals corresponding with 
tan 01 and tan 6S and for controlling c^ration of 
said second motor means in response to a differ- 
ence between said signab, and 
means responsive to existence of a difiference 'be- 
tween saod last mentioned signals by aherii^ said 
signal corresponding with (tan ffl) until said si^iab 
corresponding with (tan 61) and (tan dS) are equal. 

2. The apparatus in claim 1 including: 
third motor means coupled with said table means and 

operative to translate said table means longitudi- 
nally in either direction, 

means for causing said third motor means to translate 
said table lon^tudinally in proportion to the longi- 
tudinal distance through which said image receiv- 
ing means second sods is translated so that a point 
in said examination subject will form said angle 
($S) and be in said X-ray beam after said image 
receiving means is translated sul)stantially at the 
same place it was before it was translated, the 
height of said point above said first axis being rep- 
resented by (K), 

the distance for said point to move being represented 
by (XT), and (XT) divided by (K) being equal to 
(tan 0S), 

means for producing a sigjasl which corresponds widi 
(K) (tan 0S). 

means for comparing the aforesaid signal corre- 
sponding with (tan 0S) and the signal correspond- 
ing with (K) (tan OS) and for controlling operation 
of said third motor means in response to a differ- 
ence between said signals, and 

means responave to existence of said last mentioned 
difiference signal by altering said (K) (tan 0S) sig- 
nal until said agnals corresponding with (tan 6S) 
and (K) (tan 6S) are equal. 

3. The apparatus in claim 2 mduding: 
support means for supporting said table means and 

said X-ray source means for being moved vertically 
jointly, 

fourth motor means coupled with said support means 
and operative to rase and lower said support 45 
means, 

the height of said image receiving means second axis 
above a reference level bdng rqaresented by (Yl) 
and the height of said source first axis being repre- 
sented by ( Y2) and as aforesaid, the height of said 50 
second axis rdative to said first axis b^ing repre- 
sented by (YI) such that (YI) = (Yl) - (Y2), 

means controlled by said fourth motor means for 
altering said signal that b afunction of said height 
(YI) of said second axis relative to said first axis 55 
until said signal b equal to a signal conesponding 
with the difiference between (Yl) and (Y2). 

4. X-ray examination apparatus comprising: 

X-ray source means and mounting means for mount- 
ing said source means for angiDating about a first 60 
laterally directed axb. 

first motor means coupled with said source means 
and operative to efifect axigulation <^ said source 
means in either angular direction about said first 
axb, 

another mounting means constructed and arranged 
for performing loi^gitudina] and vertical move- 
ments. 
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X-ray image receiving means mounted on said an- 
other mounting means for angulating about a sec- 
ond axis, said image receiving means being spaced 
from said X-ray source means, 

table means foK supporting ah examination subject 
between said X-ray source means &nd said X-ray 
image receiving means, 

second motor means coupled with said image receiv- 
ing means and operative to efifect angulation of said 
receiving means in either aiigular ctirection about 
said second axis, > 

means for producing a signal conesponding with the 
longitudinal dbtanoe (XI) of said image receiving 
means second axb from the position of said axb 
y^n it b on a vertical line with said X-ray source 
means first axis, 

means for producing a signal corresponding with the 
height ( YI) of said second axb relative to said first 
axb, 

means for producing a signal corresponding with the 
tangent of the angle (6S) which b the angle be- 
tween said vertical line and the position to which 
said second axb of said image receiving means b 
moved longitudinally, 

means for multiplying said signab corresponding with 
(Yl).and (tan 0S) to produce a signal correspond- 
ing with (Yl) (tan 6S), 

means for comparing said sig^iab corresponding with 
(XI) and (YI) (tan 0S) and for controlling opera- 
tion of said first motor means in response to a dif- 
ference between said signals, 

means responsive to existence of said difiference by 
altering said (tan 6S) signal until said signab corre- 
sponding with (XI) and (YI tan 0S) are equal, 

means for producing a signal corresponding with 
(01), the ang^e of said image receiving means rela- 
tive to a vertical line that b paraUd to said vertical 
line, 

means for producing a signal corresponding with the 
angle dS, and 

means for comparing said signab corresponding with 
the angle 61 and the angle and for controlling 
operation of said second nootor means to run in 
response to a difiPefenoe between said signab until 
said difiEeience b nulled. 

5. The apparatus in claim 4 including: 

third motor means coupled with said table n^eans and 
operative to translate said table means longitudi- 
nally in qhher direction, 

means for causing said third motor means to translate 
sud table longitudinally in proportion to the longi- 
tudmal distance throu^ which said image receiv- 
ing irieans second axb b translated so that a point 
in said exammation subject win form said an^e 
(6S) and be in said X-ray beam after said image 
receiving means b translated substantially at the 
same place it was before it was translated, the 
height of said point above said first axb being rep- 
resented by (K), 

the dbtance for said point to move being represented 
by (XT), and (XT) divided by (K) bemg equal to 
(tan 0S), 

means for producing a agnal which corresponds with 
(K) (tan eS)i 

means for comparing the aforesaid signal correspon- 
dmgwith (tan 0S) and the ugnal corre^nding 
with (K) (tan 0S) and f r controlling operation of 
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said third m tor^means.in response to.a.difiference 
between said si£^ials, and 

means reqxinsive to existence of said last menttoned 
difference signal by^ltering said (K) (tan €Sy sig- 
nal imtil said signals corr^ponding .vith (tan €S) 
and (K) (tan ^) are equal 

d. The apparatus in daim 5 including. . 

support means for supporting said . table means and 
said X-ray source means for being moved vertically 
jointly, "v : - 

fourth motor means coupled with 3aid support means 
and operative to . raise and lower ^id support 
means, . : • 

the height ci said image receiving mearis second axis 
above a reference Jeyei bdng represented by (Yl) 
and the height of said source first axis being repre- 
sented by (Y2) and as aforesaid, the height of said 
second axis relative to said first axis being repre- 
sented by (YI) such that (YI) = (Yl) - (Y2), 

means controlled by said four motor means for alter- 
ing said signal that.is a function of said, height (YI) 
of: said second axis relativje to said first axis, until 

• said signal is equal to a dgnal corre^)onding with 
the difference between (Yl).and (Y2). 

7. X-ray exammation apparatus comprismg: 

X-ray source means and means mounting said source 
means for angulating about a first laterally directed 
axis, , 

first angulating . motor means coupled widi rsaxd 
source means and operative to effect angulation of 
said source means in either angular: direction, about 
said fu^ axis, 

another :mounting means constructed and arranged 
for enabling longitudinal and vertical movenients. 

X-ray. image receiving means having an image input 
plane to which- it b desired to maintain the X-ray 
beam from said source meaxis is substantial perpen-; 
dicularity, said receiving means being mounted on 
said anotht^ mounting means for angulating about ^ 
a second laterally directed axis Which b.not coinci- 
dent with said first axb, .. .. . ^ 

second angulating motor means .oouplcid with said . 
image receiving means and operative to c^ect an- . 
gulation of said- image, receiving means in. eiflier 45 
angular direction about said second axis,' and 

means for controlling said, first and second mp]U>r 
means to angulate said image receiving means and 
said X-ray source means substantially synchro- 
nously in opposite angular directions m r^ponse to 50 
changes in either and both of the longitudinal and 
vertical positions of said image receiving means;. 

8.. The apparatus in claun 7 wherein 8aid.nieans for 
controlling said :flist and . second, motor .me^ com- 
prises: • i., . 5^ 

means for producing electric signals representative of 
the longitudinal and vertica] ppsitlons of said image 
receiving means, 

control means for said first angulating motor means, 
responsive to said agnals by angulating said X-ray 60 
source, means .tow^ said Image receiving:mean8, 

means fdt producing a sigpal correspondingtwith the 
angle of said source means, and 

control means for said second angulating; motor 
means responsive to said signal Mlilch corresponds 65 
with said angle by anguliating said receiving means 
to the same angle as said source means. . 

9.=The apparatus in daim 7 including: 
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table means for SMpporting an- examination subject 
. between - said X-ray 'sotnce means and^^image re- 
.[ceiymg nyeans, . . 
thiid.motor means coupled with said table means and 
' operative to translate said .-table means longitudi- 
nally m ciiier dhecti n; . / 
.meansrfor producing an eiectrifi signal correspondiiig 
with the longitudinal poation of said: table means, 
means- for .controlling .said table translating' third 
. motor., means to operate and translate, said table 
longitudinally proportionatdy to the amount by 
which, said one of said source means, and said image 
.receivmg means, is angulatedt in .response to said 
signal which corresponds with, the angulation of 
said, one means so that a region of the ^bject 
which, is in said beam before said unage receiving 
means is translated longitiidtiially will be substan- 
tially the same region in the b^m after said receiv- 
ing means b tranislated,. 

10. The apparatus in claim 8 induding: 

means for supporting said . X-ray source means and 
said table means for being moved vertically jointly, 
fourth motor means coupled with, said support means 
' and operative to raise and lower , said support 
means and'operative to raise and lower said sup- 
port means, arid means respondmg to the devation 
of said siq;>port means l>y altering the said dectric 
signal which corresponds widi the vertical position 
of said image recdvtng means. 

11. X-*ay apparatus comprismg:^ 
table means for supporting a patient, 

motmting means that are movable longitudixially and 
verticdly, . . . . . • . 

an X-ray imaged receiving means mounted on said 
inounting mearis for angulating. about a laterally 
directed axis, said device having an Xrray image 
input plane substantially parallel with its axis, 

means for mounting an X-ray source on the side 
opposite of said table mie^ from , said receiving 
device. 

X-ray. source, means mounted on said last named 
mounting means. for angulating about a laterally 
directed axis, 

motor means operativdy coupled with said receiving 
means fK»r angulating It about hs axis, 

motor means operadvely coupled with said X-ray 

. • source means for angulating it aboiit its axis, 

means for producing a . first electric signal corre- 
spondtng with the longitudinal position of said 
im^e recdving means and means for .producing a 
second agnal corresponding with the vertical posi- - 
tion of said meais, 

control means for effectiiig operation of the . X-ray 
sburce angulating motor means in response to one 

. ' and another input signals, . 

control means for. effecting operation of the X-ray 
im^e receiving means . anguliating motor in te- 
spoiise to one and another input signals, 

means for produdng a third electric signal corre- 
sponding with the angle to which one of said X-ray 
, source, and said image receiving means is caused to 
.angulate by said first and second electric signals 
. . being applied as input signals to one of said control 
means, said third electric dgnd being applied to 
ne input of the. other, of said control means for 
^fectmg operation of .the .other of said motor 
means, . " 
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means f r producing a fourth electric signal corre- 
. sponding with the angle to which the other f said 
X-ray source and said receiving means is angu- 
iated, said fourth signal being altered by operation 
f said an ther motor means untU said f uith signal 
balances the signal corresponding with the angle f 
said ne f said X-ray source and image receiving 
means. 

12. The apparatus in claim 11 including: 
another motor means operatively connected to said 
table means for translating said table means longi- 
tudinally, 

control means for controlling said table translating 
motor means in response to one and another input 
signeJs one of which b a signal corresponding with 
the signal that corresponds with the an^e of said 
one of said one and another of said image receiving 
means and said X-ray source means and the other 
of which is a ^gnal corresponding with the longitu- 
dinal position of said table means, and 

means for producing said last named signal in re- 
sponse to operation of said another motor means, 
said signal being altered until it balances said signal 
corresponding with said angle so that said table will 
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means for comparing said signals corresponding with 
(XI) and with (YI) (tan eS) and for. controlling 
operation of said first m tor means to angulate said 
X-ray source means in response to a difference 
between said ^signals, 
means responsive to existence of said difference by 
altering said signal corresponding with (tan 6S) 
until said signals corresponding with (XI) and with 
(YI tan dS) are nulled, 
means for producing a signal corresponding widi the 

angle (dS) of said X-ray source, 
means for producmg a ragnal corresponding with the 

an^e (AI) of said Ima^ receivii^ means, and 
means for indicating the difference between said 
signals corresponding with the angles (^) and 
{6l)j to enable said hnage receiving means to be 
turned until the difference between said angles 
[BS) and (01) is reduced to zero. 
16* A method of disposing a pivotally mounted X-ray 
image device and a pivotally mounted X-ray source 
device at the same angle and in alignment with eadi 
other in an arrangement v^ere said devices are spaced 
apart U> enable accommodating an examination subject 
between them and at least one of said devices is subject 



be driven longitudinally in proportion to said angle. 25 ^ adjustment of its height and longimdhial positions, 



13. The apparatus in claim 12 including; 
motor means for selectively raising and lowering said 

X-ray source and table means jointly, and 
means responsive to operation of said last named 
motor means by altering said signal which corre- 30 
sponds with said vertical position of said one of said 
one and another of said image receiving means and 
said X-ray source means. 

14. The apparatus m claim 12 including: 

means for enclosing said X-ray source means. 35 

15. X-ray examination apparatus comprising: 
X-ray source means and motmting means for mount- 
ing said source means for angulating about a first 
lateraOy directed axis, 

first motor means coupled with said source means 40 
and operative to effect angulation of said source 
means in either angular dhection about said first 
axb, 

another mounting means constructed and arranged 
for performing longitudinal and vertical move- 45 
ments. 

X-ray image receiving means mounted on said an- 
other mounting means for angulating about a sec- 
ond laterally directed axis, said image receiving 
means being spaced from said X-ray source means, 50 

table means for supporting an examination subject 
between said X-ray source means and said X-ray 
image receiving means, 

means for producing a signal corresponding with the 
longitudinal distance (XI) of said image receiving 55 
means second axis from the position of said axis 
when it is on a vertical line with said X-ray source 
means first axis. 

means for producing a signal corresponding with the 
height ( YI) of said second axis relative to said first 60 
axis, 

means for produdng a s^al corresponding with the 
tangent of the an^e (AS) between said vertical line 
and the position to which said second axis of said 
im£^e receiving means is move longitudinally, 65 

means for multiplying said signals c rresponding with 
(YI) and (tan 6S) to produce a signal correspond- 
ing with (YI) (tan 6S). 



comprising the steps of: 
producing a first signal that is a function of the longl- 

tudmal po^on of said one device, 
producing a second signal that is a function of the 
tangent of the angle to ^ch said one device is 
pivoted and to the hei^ of said other device, 
producing a third signal that is a function of the angle 

to which said one device is pivoted, 
producing a fourth signal that is a fimcdon of the 

an^e to v^ch said other device is pivoted, 
pivoting said one device until the difference l^tween 
said fost and second signals is nulled and said third 
agnal has attained a v^e corresponding as afore- 
said with the angle of said one device, ^id then 
pivoting said other device until the said fourth signal 
which is a function ci its angle nulls said third sig- 
nal which is a ftmction of the angle of said one 
device. 

17. X-ray apparatus for taking X-ray views of a pa- 
tient at various longitudinal an^^ compr^g: 
X-ray table means for supporting a patient generally 
hcvizontally, 

mounting means above said table means constructed 
and arranged for enabling horizontal and vertical 
' movements, 

an X-ray image recdving device supported on said 
mounting means for angulating longitudinally 
about a laterallydirected axis and for selectively 
moving longitudinally and vertically in correspond 
dence with said mounting means, 

an image receiving device angulating motor coupled 
with said device and operative to drive it fiutnigh a 
range of longitudinal angles. 

X-ray source means disposed below said table means 
and means on whbh said X-ray source is mounted 
for angulating abouta laterally directed axis syn- 
chronously with said image receiving device, said 
image receiving device having an image input plane 
generally parallel with its said axis and with which 
it is desired lo keep die central ray from said X-ray 
source substantiaDy perpendicular for all angula- 
tions, 
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source angulating motor means coupled with, said 
X-ray source means and operative to drive it 
through a range of longitudinal angles, 

potentiometers which produce, signals, respectively, 
corresponding with the longitudinal., and height 5 
positions to which said nnage receiving device .is 
.moved* 

control means for controlling operation of sssdd X-ray 
source angulating motor, said control means hav- 
mginputs for said signals and effecting operation of 10 
said source angulating motor, means when said 
signals are. unbalanced, 

another potentiometer: for producing a ^gnal oorre- 
sponding with, the longitudinal angle of said X-ray 
source means resulting, from tiffoh that corre- 
spond with said height and longitudinal positions, 

said, another potentiometer sigiml being varied m 
response to operation of said source angulating 

. motor means, 

control. means for controlling .operation of said image 
: receiving device angulating . motor, said control 
. ! means haying inputs for at least two signals one of 
.which is 8^ sighal corresponding with the Icmgitu- 
dinal angle of said source means and the other of 
- ' which is a signal corresponding with the longitudi- 25 
> nal angle of said iixiage receiving device, said con- 
trol means.efifecting operation of said device angu- 
lating motor means when said signals are unbal- 
anced, 

potentiometer means for producing said signal corre- 
spondmg with the. angle of said dbvice, said last 
named potenticnneter means being varied in re- 
sponse to operation of said device angulating 
motor nieans such that said motor means will stop 
operating when its input signals are in balance 
whereby said device and source will be at the same 
longitudinal angle and said central ray win be di- 
rected substantially perpendicular to said image, 
input plane. 
18. The apparatus in claim 17 including: 
motor means operatively coupled with said, table 
means for translating said .table means longitudi- 
nally, 

control means, for controlling the table translating 
. motor means, said control means having inputs for .45 
a .s^iial corresponding with said angle of said 
. source and for a sigiml corresponding with the 
longitudinal position of said table means and eS- 
fecting operation of said motor means when said 
signals are unbalanced, 

another potentiometer for producing said signal cor- 
responding with the longitudinal position of said 
table means, said potentiometer signal being varied 
in response to operation of said table translating 
motor means so that when said input signals be- 
come balanced said control means wUl stop opera- 
tion, of said motor means, whereby said table will 
translate proportionally to said angle.. 

19..The apparatus in claim 17 including: 

motor means for raising and ioweirmg siaid source and 
said:table means jointiy, . 

other potentiometer means in circuit with said poten- 
tiometer means whose signal corresponds with the . 
height of said image receiving device, said other 
potentiometer means .being. varied by . said last 6S 
named m tor means to* tiiereby alter, said signal 
that corresponds with the height of said device. 

20..The apparatus in clann 17 ihchiding: 
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means f r enclosing said X-ray source means. 

21. X-ray apparatus comprismg: 

X-ray source means and means far mounting said 

source means for.-angulating .about a first laterally 

directed axis, 
first motor means coupled with. said, source means 

and perative to effect ax^ation f said source 

means in either angular direction about said first 

axis, 

another mounting means oonstructed and arranged 
for performing longitudmal and vertical move- 
ments, 

X-ray image receiving means' mounted on said an- 
other mounting means for angjulatmg about a sec- 
ond laterally directed axis, said nnag^ recehring 
means being spaced firom said X-ray source means 
■ and having an image input . plane to which it desired 
to mamtoin Oie X-ray beam from said source 
means in substantial perpendicularity for all angu- 
lations of said source and image receiving means, 

table means for supporting an examination subject 
between said X-ray source means and said image 
receiving means, 

second motor means coupled with said image receiv- 
ing means and operative to effect aiigulation of said 
receiving UKans in either angular direction about 
said second axis, 

an electric power source, 

a first potentiometer means supplied from said power 
sotirce and operative to produce a signal that is a 
function of the longitudinal distance, (XI)^ of said 
second axis from the position of said axis when it is 
on a vertical line with said ifirst axis, 

a second potentiometer means having an end con- 
nected to said source and another end operative to 
produce an ou^nit signal that is a function of the 
vertical height, (YI), of said image receiving meaiis 
second axis relative to said first axis, 

a. third potentiometer supplied from said source and 
operative to produce a sigqal .that is a function of 
(tan 0S) where (0S) Is the angle between said verti- 
cal line and said second axis, said signal ficom said 
tiiird potentiometer bemg supplied .to said other 
end of said second potentiometer such that said 
second potentiometer output signal is (YI) (tan 
0S), the product of said signals, 

control means for controlling said first source angu- 
lating motor means, said control means having at 
least two inputs for receiving, respectively, said 
signals from said first and third potentiometer 
means and responding to a difference between said 
.signals by operating said first motor means and 
angulating said X-ray source means, 

means responsive to operation of said first motor 
means by altering the signal from said third potenti- 
ometer means and tiiereby altering the signal cor- 
re^nding with (YI tan 6S), tcom said second 
potentiometer means to one input of said control 
means until said signal balances the input signal 
corresponding with ( YI), from said first potentiom- 
eter to thereby stop said first motor means, 

fourth potentiometer means supplied from said 
power source for producing., a signal which is a 
function of (tan 61) where (61) is the angulation of 
said image receiving means, 

control, means for said second motor means which 
angulates ssdd image receiving means, said control 
means having at least two inputs for receiving. 
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respectively, said signal from said fourth pbtenti- 
. omeier means and s^d signal from said third po- 
tentiometer means and responding to a difference 
between said signals by operating said second 
motor means and angulating said image receiving 
means synchronously with said X-ray source 
means, and 

means re^nave to operation of said second motor 
means \^ altering the sigpml from ssud fourth poten- 
tiometer means to one input of said last named 
control means imtil said agnal balances the ^gnal 
from said third potentiometer means to thereby 
stop said second motor means when the angles IBS) 
and ($\) are equal 

22. The apparatus in cl^m 21 including^ 

third motor means coupled with said table means and 
operative to translate said table means in either 
longitudinal direction, 

means for causing said third motor means to translate 
said table longitudinally in proportion to the longi- 20 
tudinal distance throu^ which said image receiv-. 
ing means second axis is translated so that a point 
in said examination subject will form said angje 
(eS) and be in the beam from said X-ray source 
after said image receiving means is translated at 25 
substantially the same place it was before transla- 
tion, the height <^ said point being represented by 
(K), the distance for said point to translate being 
represented by (XT) and (XT) being equal to (tan 
0S) multiplied by a constant (K), 

fifth potentiometer means supplied from said power 
source and operative to produce a si gnal which is a 
function of (K) (tan 0S), 

anodier control means for controlling said third 
translating motor means, said control means having 35 
at least two inputs for receiving, respectively, said 
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signal corresponding with (K) (tan 6S) and said 
signal from said third potentiometer means corre- 
sponding with (tan €S)^ said control means re- 
sponding to a <hfterenc in said input signals by 
operating said table translating third motor means 
to thereby translate said table meaxis, 

means responsive to operation of said third motor 
means by ahering the signal from said fifth potenti- 
ometer means to one input of said another control 
means until said signal balances the signal from 
said third potentiometer means to thereby stop said 
third motor means, when said point is at the same 
angle 0S as said fanage receiving means. 

23. The apparatus in claim 21 including: 

si^^rt means for supporting said table means and 
said X-ray source means jointly vertically, 

fourth motor means for ratsmg and lowering said 
support means, 

the height of said image receiving means second axis 
bemg represented by (Yl) and the height of said 
sourcefirst axb bemg represented by (Y2) and the 
height of said second axis bemg represented by 
(YI) such that a potential functionally related to 
(YI) equals the difference between potentiate func- 
tionally related to and represented by ( Yl) — ( Y2), 

potential varying means connected with said second 
potentiometer means for varying the potential 
thereof in correspondence with (Yl) ~ (Y2), and 

means controlled by said foiuth motor means for 
controlling said varying means such that said first 
motor means will run until said signal from said 
second potentiometer means rebalances the signal 
(XI) which is a function of the longitudinal position 
of said image receiving means. 
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